Introduction
Many sub-Saharan economies have been struggling to achieve and maintain high growth rates for a long period of time. For example, Senegal, a lower-middle income economy (according to World Bank [WB] criteria), grew at an annual average rate of 4.17% between 1995 and 2015. At first glance the growth rate may seem acceptable; however, taking into account the modest level of Senegalese economic development and also demographics, we get a different picture. In per capita terms, the growth rate was only 1.33% (for the same period).
1 Such a pace of progress may be perceived as unsatisfactory -from poverty alleviation efforts to middle class development, etc.
In this paper, we apply a concept of revealed and latent comparative advantage (LCA) to identify productive industries and industries with great potential in the Senegalese economy. Identification of those industries may help to adopt a comparative advantage following approach, as Lin (2012) puts it, which basically means aligning an economic structure with comparative advantages to achieve a higher gross domestic product (GDP) growth rate. We are specifically interested in manufacturing industries because industrialisation (i.e. manufacturing sector expansion) serves as an engine of growth in developing countries. Indeed, Kaldor's engine of growth hypothesis claims that there exists a strong relation between the manufacturing sector output and GDP growth (Kaldor 1966 (Kaldor , 1967 . The validity of the hypothesis (for developing countries) has been reinforced by many empirical studies (e.g. Dong et al. 2013; Ibbih & Gaiya 2013; Libanio & Moro 2006; Wells & Thirlwall 2003) . Therefore, Senegal, as well as other developing countries, could benefit from developing its productive manufacturing industries.
Dedicated studies analysing Senegalese comparative advantages are rare. To our knowledge, there has been one dedicated study by Jabara and Thompson (1980) in which comparative advantages in the Senegalese agricultural sector have been analysed. There are, however, several studies with broader scope -for example, World Bank's InfoDev (2011) discusses possible comparative advantages in Senegalese horticulture and other agricultural subsectors. Yeats (1998) uses the revealed comparative advantage (RCA) index to calculate comparative advantages of Senegal and other African countries to draw conclusions about intra-African trade. Eifert et al. (2005) analyse comparative advantages of Senegal and other African countries using a combination of macro and micro data. This paper, however, is mainly focused on the concept of LCA, which is rather new. The author of this concept, Justin Y. Lin, published relevant papers only a few years ago (see e.g. Lin 2012; Lin & Monga 2011; Lin & Treichel 2011; Lin & Xu 2015) , which is the reason why we lack papers on Senegalese LCAs.
The presented analysis is carried out on official data available in UNCTAD (2017) and other databases -Penn World Tables (Feenstra et al. 2017) and World Bank's World Development Indicators (WB 2017) . Even though the existing data for Senegal and other developing countries are poor, the analysis is primarily based on international trade data, which is generally better in quantity and also in quality.
The rest of the paper is organised as follows: Revealed comparative advantage measurement and Latent comparative advantage estimation sections describe general theoretical background and research methodology regarding RCA measurement (Revealed comparative advantage measurement section) and LCA estimation (Latent comparative advantage estimation section). Comparative advantages of the Senegal section presents results of the Senegalese comparative advantage analysis. Discussion: Some challenges in the Senegalese apparel industry section briefly discusses challenges in the Senegalese apparel industry, while the final section concludes.
Revealed comparative advantage measurement
The original Ricardian model (Ricardo 1815 ) explains international trade flows as a result of different factor endowments in each particular economy. Because labour productivity differs among particular economies, each economy could specialise itself on production of a good it manufactures relatively more efficiently and gains through goods exchange in an international market. Ricardo used in his model just two countries and two goods, however, and so the idea that international trade could identify sector(s), where a particular economy is relatively more productive, remains to be a part of overwhelming consensus (Irwin 1991) .
In order to identify and quantify economy's comparative advantage, we have to determine the relation between economic conditions as a source of comparative advantage on the one side with usable and quantifiable indicators on the other side. This relation was described by Balance et al. (1987) As long as we are not able to determine exact autarkic prices and autarkic production costs within an economy, we have to rely on available trade data from the past to identify RCA as a second best alternative. RCA describes the pattern of CA, which is based on TPC. In other words, CA determines TPC and available combinations of TPC are recorded by RCA (Sanidas & Shin 2010; Vollrath 1991) .
Furthermore, the original theory considers only a simplified 2 × 2 situation, where merely two countries trade with one another and the whole trade volume consists of two types of goods only. Because the current global economy is not that transparent and straightforward, some authors dispute the relation between CA and TPC in a multi-country and multi-commodity world (Drabicki & Takayama 1979) . This suggests, as Hillman (1980:315) notes, that the question of 'the degree of advantage exhibited by a particular country over various goods' or 'the degree of advantage exhibited by various countries with respect to a particular traded good' identified by RCA, remains.
To increase RCA's explanatory value, it should be supplemented with other data to distinguish whether the export volume is caused by a comparative advantage (CA) or not; government policies, especially, could alter a country's original CA as, for example, Clarida and Findlay (1992) suggest. However, RCA could still 'certainly be used for the descriptive purpose of identifying in which sectors a country exports more or less than average' (Deardorff 2011:32) . Given that international trade conforms to CAs, a country, which exports more particular goods than benchmark, produces this good more efficiently and disposes of the CA in its production.
Despite the fact that RCA does not have to provide an accurate identification and quantification of the CA in its original terms, according to Balance et al. (1987) , RCA as a post-trade indicator can identify much about underlying patterns of the CA. Deardorff (1980) , who proved that there is a negative correlation between net exports and relative autarkic prices, also shares this belief. That is why Sanidas and Shin (2010) also consider RCA 'to deliver proper information with respect to comparative advantage' (Sanidas & Shin 2010:11) .
There are as many indicators as there are combinations of post-trade variables that could measure RCA (Balance et al. 1987) . This paper focuses on normalised revealed comparative advantage index (NI), which patterns on the more common Balassa's revealed comparative advantage index (BI). For further RCA indicators, see Balance et al. (1987) , Memedovic (1994) or Vollrath (1991) .
Revealed comparative advantage: Balassa index (BI)
The most common formula for RCA identification, described by Balassa (1965) , concentrates on a country's relative export performance. BI compares a particular commodity's export share with its share in total world exports. The following formula (Eqn 2) holds:
where Xij stands for exports of commodity j by country i, Xi stands for total export of country i, Xwj stands for world's exports of commodity j, whereas Xw represents the world's total exports:
A given country is considered to have comparative advantage (disadvantage) in commodity, when the commodity's exports market size of country in terms of its total national exports market size is greater (less) than the commodity`s world exports market size in terms of the world total exports market size, i.e. when is greater (less) than unity. (Sanidas & Shin 2010:12) .
Comparative advantage neutral point is reached when BI equals to one. In this case, the country has neither CA nor disadvantage.
BI is straightforward and easily applicable as export data are generally available and calculation is simple. However, the only information BI provides is whether a country enjoys a CA in a particular commodity, or not (Yeats 1985) . Results of BI are incomparable across time and space, because of its asymmetry, as BI reaches values from one to infinity.
Normalised revealed comparative advantage index (NI)
In an effort to overcome the aforementioned shortcomings of BI, alternative indicators have been developed. Ideal alternative indicators should demonstrate four characteristics:
(1) stable mean across time and space, (2) symmetry around mean or median, (3) independence of classification and (4) stable distribution across time and space (Hoen & Oosterhaven 2006) . In fact, we still do not have such a perfect indicator and, therefore, as Sanidas and Shin (2010:17) note: 'some researchers expressed RCA using a hypothetical state: they used a deviation of the actual data from the value that would have been in the comparative advantage neutral (CAN) point'. This approach is incorporated in normalised revealed comparative advantage index (NI), calculated according to Yu et al. (2009) by the following formula (Eqn 3):
where NI value falls in between -0.25 and 0.25, while comparative advantage neutral point (export value expected in the CAN state) equals to 0. Because normalisation proceeds by the total amount of the world export, NI value tends to be very small. As recommended by Yu et al. (2009) , NI values in this paper will be scaled by 10 000. Normalised revealed comparative advantage index is perfectly comparable across time and space, and mean value and NI sum remain stable.
This explains well the notion of zero sum imbedded in comparative advantage: if a country gains comparative advantage in one sector, then the country loses comparative advantage in other sectors; and if one country gains comparative advantage in a sector, then other countries lose comparative advantage in the sector. (Sanidas & Shin 2010:18) Normalised revealed comparative advantage index is capable of comparing the size of the CA in time, across sectors and also among economies. This is why NI is used in this paper.
Latent comparative advantage estimation
The concept of LCA is based on the aforementioned original Ricardian theory, which is at the centre of a relatively young neoclassical theory of New Structural Economics (NSE) (Lin 2012) . The term refers to the classical CA which is, however, not being exploited. Therefore, LCA merely represents a potentially productive industry of an economy. In addition, because LCA is not being exploited, entrepreneurs, government and other subjects may not even be aware of its existence. For these reasons, it is obviously impossible to measure LCA in the way presented in the RCA measurement section. However, according to Lin (2012) , it is theoretically possible to estimate the LCA of a particular economy by comparing its commodity export structure with other appropriate comparator economies.
Lin uses a structuralist approach to explain economic growth and development. NSE is built around Kuznets' (1966) notion that structural change is needed to achieve sustained economic growth. Lin (2012) argues:
…the main feature of modern economic development is continuous technological innovation and structural change. The optimal industrial structure in an economy, that is, the industrial structure that will make the economy most competitive domestically and internationally at any specific time, is endogenous to its comparative advantage, which in turn is determined by the given endowment structure of the economy at that time. (pp. 98-99) The endowment structure (ES) is, therefore, crucial because it determines the CA and, consequently, the optimal industrial structure (OIS), as indicated by the following equation (Eqn 4):
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Equation 4 implies that two economies with similar ESs should have similar CAs. Therefore, as was already mentioned, it is possible to estimate LCA using a comparative method.
The ES (comprised of labour, natural resources and capitalboth human and physical) and thus the CA are dynamic in time. According to Lin (2012:307) : '… the alignment of industry and/or technology with an economy's CA is key … to accelerating the rate of economic growth and to realizing convergence'. This alignment is enabled by market forces, which represent an essential mechanism for resource allocation. It is noteworthy that the NSE also stresses government's facilitating role in the alignment process. Government's main tasks in this regard involve providing and/or upgrading soft and hard infrastructure to reduce transaction costs, compensating pioneer firms for externalities (such as information externalities) and temporarily protecting infant industries, provided that they are consistent with the economy's CAs. The obvious precondition is that the government is aware of the economy's CAs to fulfil its facilitating role effectively.
Growth identification and facilitation framework
To estimate LCA of a particular economy, it is first necessary to select several appropriate comparator economies. Following the Framework for Growth Identification and Facilitation suggested by Lin and Monga (2011) , the selection should be based on three criteria: (1) level of economic development; (2) rate of economic growth; and (3) similarity of ESs.
Firstly, according to Lin and Treichel (2011) , per capita GDP in purchasing power parity (PPP) of the appropriate comparator economies should be somewhere between 100% and 300% of the reference economy. This is because economic development is a gradual process. LCA of the reference economy may be de facto RCA of the appropriate comparator economies that are slightly more advanced (provided that the following two criteria are met).
Secondly, the appropriate comparator economies should maintain the highest possible GDP growth rate for a long period of time. Lin and Treichel (2011) recommend a yearly average GDP growth rate of at least 6% for about 20 years. Fulfilling this criterion is essential because, theoretically, rapid and sustained economic growth is a result of the alignment between the industrial structure and the CAs. In other words, rapid economic growth indicates that the CAs are being exploited.
Thirdly, the ESs of the appropriate comparators and of the reference economy should be relatively similar, so that the CAs could also be similar. We compare the ESs using three measures: capital-labour ratio, human capital index and natural capital indicator.
Once the appropriate comparator economies are selected, their RCA can be calculated and compared with those of the reference economy. 2 The comparison allows for drawing conclusions about LCA in the reference economy because the most common and significant RCA of the appropriate comparator economies in the last 20 years should be theoretically similar for the reference economy. If not, we can argue that the reference economy may possess LCA.
Comparative advantages of Senegal
Revealed comparative advantage of Senegal (and also appropriate comparator economies -see below), based on the concept of normalised revealed comparative advantage index (NI), was determined as follows. For calculation of the NI index, export data from UNCTAD (2017) have been used. Because we are focusing on manufactured goods only, we incorporated solely the corresponding items, based on UNCTAD (2016) product groupings and composition, that is, SITC groups 5-8, without group 68 (non-ferrous metals) and item 667 (pearls, precious and semi-precious stones). In order to determine long-term state (i.e. long-term RCA), NI index was computed for years 1995, 2000, 2005, 2010 and 2015 . As goods manufactured with long-term RCA in a particular economy were considered items that were placed among the top 10, considering the highest NI value, in at least four out of five above mentioned years. Top 10 Senegalese RCA in 2015 are depicted in Table 1 . Bolded items represent long-term RCA.
Based on Table 1 , the majority of manufactured goods produced and exported from Senegal with the CA is related to chemicals (SITC 5) and manufactured goods classified chiefly by material (SITC 6). To chemicals exported with the long-term RCA belong: inorganic chemical elements (522), perfumery (553), insecticides (591) and soaps (554) . Manufactured goods produced and exported with the longterm RCA are lime, cement and fabricated construction materials (661) . Obviously, Senegal generally lacks the ability to export manufactured goods with high value added 2.Originally, Lin (2012) suggests commodity export structures comparisons because exported commodities with large shares in total commodity exports over a long period of time represent exploited comparative advantages of the comparator economies and these should be theoretically similar for the reference economy. The GIFF methodology in this paper is, thus, slightly modified. Table 2 ). Thirdly, from this set, we have to select the most appropriate comparator economies with relatively similar ESs to that of Senegal. The ESs of the above mentioned economies are depicted in Table 3 .
We have gradually removed West Bank, Gaza, Myanmar, Nigeria, Uzbekistan and India from the set. Regarding West Bank and Gaza, we lack required data. Myanmar is unsuitable for CA analysis because of extremely low values of trade openness until 2012 (WB 2017). Nigeria and Uzbekistan are rich in natural capital (see Table 3 ) and both are considered resource-rich economies in IMF (2012) methodology (contrary to Senegal). Finally, India may be comparable to Senegal in relative terms (see Table 3 ), but not in absolute terms. The sheer size of the Indian economy allows for lower trade openness, specific trade policy, etc.
Therefore, our selection of appropriate comparator economies for Senegal includes: Tanzania, Cambodia, Lao PDR, Vietnam and Cape Verde. 3 Persistence of their economic growth rates in the last 20 years is displayed in Figure 1 . Relatively high persistence, which is definitely desirable for comparator economies, is the characteristic for Lao PDR, Vietnam and Tanzania. On the contrary, Cape Verde exhibits low persistence of economic growth. Regarding the ESs, Lao PDR has an advantage of relative abundance of natural capital (see Table 3 ), and it is also a resource-rich country (IMF 2012) . Nevertheless, we include Lao PDR as one of the comparator economies for two reasons: (1) the relative importance of natural resources in total exports has significantly increased only recently and (2) values of other ES indicators are very similar for both economies (while taking into account differences in per capita GDP). The data on natural capital are not available for Tanzania and Cambodia. While Cambodia is 3.Ideally, all the appropriate comparators should be sub-Saharan economies because of regional similarities. However, given the Senegalese level of economic development and endowment structure (see Tables 2 and 3) , it is not possible because, apart from Cape Verde and Tanzania, there are no other appropriate comparator economies for Senegal in the region.
considered resource-poor, Tanzania is among prospective natural resource-exporting economies (IMF 2012). We include Tanzania in the analysis because it is not nearly as dependent on natural resources exports as Nigeria or Uzbekistan. For example, the yearly average of total natural resources rents in Tanzania accounted for 7.4% of GDP between 1995 and 2015, while Nigeria registered 24.4% in this period (WB 2017). Furthermore, Cape Verde exhibits a relatively high capitallabour ratio. However, we have to take into account almost three times higher per capita GDP compared to Senegal, which mitigates the difference (see Table 2 ). Finally, we should also emphasise high levels of human capital in Vietnam. Even though the extent of this problem may be overestimated because of recent data corrections that have significantly changed values of the human capital index (downwards in the case of Senegal and upwards in the case of Vietnam), there is no doubt that Senegal lags behind in this regard. An interesting comparison regarding human capital would be between the two sub-Saharan countries at different levels of per capita GDP, that is, Senegal and Cape Verde, but the required data are not available. In conclusion, the similarity of ESs is by no means ideal. However, one can Note: Natural capital comprises subsoil assets, pastureland, cropland, timber resources, nontimber forest resources and protected areas. Human capital index is based on years of schooling and returns to education (for more details, see Feenstra et al. 2017) . Asterisk indicates that data on subsoil assets are not available and the value of natural capital is, thus, underestimated. hardly find better comparator economies for Senegal given its current stage of development and endowment structure.
To estimate Senegalese LCA in manufacturing industries, we have calculated and compared the most significant long-term RCA (i.e. RCA that were among top 10 in at least four out of the following five years : 1995, 2000, 2005, 2010 and 2015) of Senegal and all five comparator economies. Results of the comparisons are depicted in According to the theory, we can assume that there are: (1) infrastructural deficiencies and other constraints that prevent Senegalese apparel and footwear industries from improving competitiveness and (2) some barriers that may restrict Senegalese entrepreneurs from entering those industries (Lin & Monga 2011) . The deficiencies, constraints and barriers must be identified and addressed by the government. But first it is necessary to conduct an additional detailed value chain analysis of the above identified industries to corroborate the findings (Lin & Treichel 2011) . However, such analysis goes beyond the scope of this paper. Nevertheless, we can enquire into the apparel industry in Senegal to shed some light on the most common problems that local entrepreneurs face.
Discussion: Some challenges in Senegalese apparel industry
Generally, Senegalese entrepreneurs are mostly engaged in the informal sector activities (Khadidiatou et al. 2014 ). Apparel industry is not an exception in this regard. Golub and Mbaye (2002) note:
Virtually all large scale apparel production in Senegal ceased in the 1980s. The market now consists of a booming informal sector composed of independent tailors working on their own or in small shops. (p. 7)
The existence of a large informal sector is a big problem for government. First of all, it is extremely hard to effectively collect useful data from decentralised and unorganised entrepreneurs in an informal economy. Therefore, the government, for example, is not able to assess key infrastructural deficiencies and constraints that Senegalese entrepreneurs in the apparel industry face. Under such circumstances, it is very challenging to develop and implement effective industrial policy.
-4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9 2 0 0 0 Existing literature offers at least some information (usually survey-or questionnaire-based) on those deficiencies and constraints in the Senegalese apparel industry, which may provide basic guidelines for possible government interventions. The most frequent problems include: poor access to financing; unreliable electricity supply; high cost of electricity; and fierce competition from abroad including imports of second-hand clothing and illegal imports (ACET 2014). Moreover, these problems seem to be pervasive (Golub & Mbaye 2002) . The government, thus, needs to tackle them systematically in order to facilitate the alignment process. Furthermore, it should be noted that, according to available data, wages in Senegalese manufacturing industries appear to be relatively high given the country's per capita GDP (Ceglowski et al. 2015) . Other constraints arise from contemporary characteristics of global apparel production. Because global value chains (GVC) are concentrated in this industry (ACET 2014), Senegalese producers would need to enter them in order to take part in large scale exports. This poses yet another challenge, especially with regard to cost/quality/time requirements.
The competition in a global market is tough. However, according to Lin (2012) , the most successful and competitive economies grow rapidly, and their ESs and CAs change over time. This process creates opportunities for catch-up in less developed economies. Nowadays, a sizeable opportunity arises because the People's Republic of China is slowly losing its CAs in labour intensive industries such as apparel and footwear (Chandra et al. 2012) . Considering the fact that in 2015, China alone exported apparel worth 174 billion USD (37% of global apparel exports), the opportunity seems really promising (UNCTAD 2017). Actually, some footloose industrial enterprises have already been relocated, either to inland provinces or abroad. The trend will most likely continue accordingly to the so called flying geese pattern (Chandra et al. 2012; Ruan & Zhang 2014) . Therefore, under certain circumstances, Senegal might be able to attract some apparel manufacturers from China. There are, however, many more competitors.
To the contrary, Senegal possesses several country-specific advantages, such as easy access to the Atlantic Ocean, relative proximity of rich markets (EU and USA) or availability of key inputs for production (cotton, leather). In addition, Senegalese exporters do not suffer from major trade barriers, thanks to preferential trade agreements (most notably the Everything But Arms initiative and African Growth and Opportunity Act). Senegal is also an Economic Community of West African States (ECOWAS) member state. Nevertheless, as Lin and Monga (2011) argue, potential success of exploiting the identified LCA depends on the government's ability to implement policies to facilitate the alignment process.
Conclusion
Using the concept of RCA and LCA, the aim of this paper was to identify productive industries and industries with great potential in the Senegalese economy. The analysis was focused on manufacturing industries because industrialisation serves as an engine of growth in developing countries.
Regarding RCA (based on the concept of normalised revealed comparative advantage index), our results indicate that Senegalese production and exports with the RCA are mostly concentrated in industries related to chemicals (e.g. inorganic chemical elements, perfumery, etc.) and manufactured goods classified chiefly by material (e.g. lime, cement and fabricated construction materials). To estimate LCA (based on the Framework for Growth Identification and Facilitation), we selected five appropriate comparator economies: Tanzania, Cambodia, Lao PDR, Vietnam and Cape Verde. The comparison of their long-term RCA with the Senegalese suggests that Senegal may have LCA in footwear and particularly in the apparel industry. However, the estimation should be further tested in a detailed value chain analysis of the identified industries.
In conclusion, Senegal could accelerate its rate of economic growth by aligning its economic structure with the identified CAs. In particular, competitive apparel and footwear industries are undeveloped and may present great potential given the contemporary characteristics of the Senegalese economy. Finally, it should be emphasised that the government's role in the alignment process is to facilitate it by proper interventions (e.g. by providing relevant soft and hard infrastructure). In this regard, one of the most : 1995, 2000, 2005, 2010 and 2015) .
Country
Article challenging tasks for the government entails gathering relevant information about infrastructural deficiencies and other constraints that present obstacles for Senegalese entrepreneurs. For example, existing information from informal apparel industry suggests that entrepreneurs are struggling because of poor access to financing; unreliable electricity supply; high cost of electricity; and fierce competition from abroad including imports of second-hand clothing and illegal imports. These challenges should be at the top of the government's priority list.
